Characterization and Antiglycation Activity of Phenolic Constituents from Viscum album (European Mistletoe)
, corresponding to the C-3 methylene and C-2 methine proton of ring C of flavanone, respectively. A 2H doublet at d H 7.31 with the coupling constant 8.6 Hz was assigned to C-3Ј and C-5Ј aromatic protons. Similarly, another 2H doublet at d H 7.02 with the coupling constant 8.6 Hz was assigned to C-2Ј and C-6Ј magnetically equivalent aromatic protons. Two meta coupled protons of ring A appeared at d H 5.97 (1H, Jϭ2.3 Hz) and 6.01 (1H, Jϭ2.3 Hz), corresponding to the C-8 and C-6 protons, respectively. The presence of a sinapyl moiety in compound 1 was inferred from an AB doublets of the trans olefinic protons at d H 7.59 (1H, Jϭ15.8 Hz) and 6.31 (1H, Jϭ15.8 Hz) and a two proton singlet at d H 6.82, assigned to the C-2Љ and C-6Љ protons of the phenyl ring. Two methoxy groups were inferred from a singlet at d H 3.82 (s, 6H). The 1 H-NMR spectrum also showed signals (d H 3.40-5.54) corresponding to sugar moieties. Two anomeric protons appeared as doublets at d H 5.54 (Jϭ1.4 Hz) and 4.93 (Jϭ7.9 Hz), were in agreement with those of apiose and glucose moieties.
11) The carbon signals for sugars were also characteristic of b-D-glucopyranosyl and b-D-apiofuranosyl sugars.
1)
The structure of compound 1 was finally deduced by detailed interpretation of 2-D NMR data. In the heteronuclear multiple bond correlation (HMBC) spectrum, the signal at d 14)
The nature of glycosides was deduced by the hydrolysis (see Experimental). The stereochemistry at C-2 position was assigned as S on the basis of the circular dichroism (CD) spectrum, in which compound 1 exhibited a positive Cotton effect at 330 nm and a negative Cotton effect at 286 nm. 1) Based on above mentioned evidences, the new compound
Compound 2 was isolated as a white amorphous powder. The IR spectrum showed absorptions at 3385, 1735, 1660 and 1593 cm (5), 16) and 5,7-dimethoxy-4Ј-hydroxy flavanone (6).
17)
The structures of these compounds were determined by comparing the EI-MS, 1 H-and 13 C-NMR data with the reported data.
Biological Activities The methanolic extract of V. album showed a potent anti-glycation activity, i.e. 72.5% (IC 50 ϭ199.85Ϯ0.067 mM). Compounds 1-6 showed activities against the formation of AGEs (Table 2 ) the antioxidant activity of these compounds was evaluated by using a superoxide anion scavenging assay. Compounds 2 (IC 50 ϭ211.69Ϯ 7.11 mM) and 5 (IC 50 ϭ58.36Ϯ2.9 mM) were found to be active in this assay. The antioxidant potential of compound 5 was determined to be greater than that of standard (Table 3) . n-Propylgallate was used as a standard reference (IC 50 ϭ 67.5Ϯ0.9 mM). In conclusion, we report here for the first time, anti-glycation properties of the plant phenolics, obtained from V. album.
Experimental
General Methods Unless otherwise stated, the following procedures were adopted. UV spectra were measured on a Shimadzu UV240 machine in MeOH solutions as l max nm (log e). IR spectra were recorded as KBr discs on a JASCO A-302 spectrometer and presented in cm
Ϫ1
.
1 H-and Extraction and Isolation The methanolic crude extract (45 g) was suspended in dist. H 2 O and partitioned with EtOAc (3 lϫ3) and n-BuOH (3 lϫ3) successively, yielding EtOAc (1.2 g), and n-BuOH extracts (19.4 g ). The EtOAc extract was subjected to column chromatography over silica gel and eluted with CHCl 3 and MeOH in a gradient manner (mention different proportions of solvents) to afford eight fractions (E1-E8). Repeated column chromatography of fraction E-2 (100 mg) over silica gel using the solvent system CHCl 3 and MeOH (10%, 600 ml) yielded compounds 6 (5 mg, 1.6ϫ10 Ϫ4 %) and 4 (6 mg, 2.0ϫ10 Ϫ4 %). The third fraction (E-3, 60 mg) was again chromatographed using a silica gel and eluted with 20% MeOHCHCl 3 (600 ml) to yield 5 (3 mg, 1.0ϫ10 Ϫ4 %). Fractions E-4 (23 mg) and E-5 (45 mg) were combined and subjected to polyamide column chromatography and eluted with 100% CHCl 3 , followed by gradual increase of polarity with MeOH. This led to five sub-fractions (1) (2) (3) (4) (5) . Among these, sub-fraction 4 was subjected to silica gel column chromatography using 30% MeOH in CHCl 3 (300 ml) as eluent to obtain compounds 3 (10 mg, 3.33ϫ10 Ϫ4 %) and 2 (5.5 mg, 2.5ϫ10 Ϫ4 %). A part of n-BuOH fraction (10 g) was passed through a Diaion HP-20 column and eluted with 100% H 2 O (2.7 g), H 2 O-MeOH (1 : 1, 3.5 g), and 100% MeOH (2.0 g). The fraction eluted with H 2 O-MeOH (1 : 1) was subjected to polyamide column chromatography and eluted with 15% MeOH-CHCl 3 which yielded two major fractions (P1, 1 g and P2, 575 mg). The sub-fraction P1 was further subjected to Sephadex LH-20 column chromatography and eluted with H 2 O-MeOH (1 : 1), to afford three fractions (7) (8) (9) (10) . Fraction 7 (15 mg) was loaded onto RHPLC (L-80, H 2 O : MeOH, 1 : 1, 4 ml/min) to yield compound 1 (3 mg, 1.0ϫ10 1 (1.3 mg) was dissolved in 5% HCl/H 2 O (2 ml) and refluxed for 1 h. The solution was extracted with ethyl acetate (1 mlϫ3) to afford aglycone. While the aqueous part was neutralized by NaHCO 3 (pH 6) and hydrolyzed sugars were identified by paper chromatography using standard sugars in the solvent system EtOAc/AcOH/ H 2 O (5 : 3 : 2). The results indicated the presence of apiose and glucose.
1)
Assay of Anti-glycation and Superoxides Anion The anti-glycation and superoxide Anion assays on various secondary metabolites of Viscum album were carried out according to established protocols. 18, 19) 
